The cDNA sequence for the variable surface glycoprotein (VSG) expressed in Trypanosoma brucei clone ILtat 1.4 (called clone D for brevity) hybridizes strongly to three regions in trypanosome genomic DMA. These three regions were extensively characterized by Southern hybridization analyses, genomic DNA cloning and DNA sequence determinations. All three regions occur in the genomes of all trypanosome clones of the ILTAR 1 repertoire regardless of whether or not VSG D was being expressed. Extensive (clone dependent) DNA rearrangements and a (clone independent) double strand DNA break were found distal to the 3'-end of the VSG D coding sequence of one of the regions. VSG D mRNA is most likely synthesized from this region, but a recombinant DNA clone of the VSG coding sequence could not be obtained for confirmation. Recombinant clones of the other two regions were obtained. DNA sequence analyses revealed that their coding sequences differ from each other by 17%. They differ from the ILtat 1.4 cDNA sequence by 4% in one case, and 13% in the other. By analogy with another VSG gene system, one of these two regions may have originally given rise to the third region from which the mRNA Is probably transcribed.
INTRODUCTION
Haemoparasitic African trypanosomes reside in the bloodstream of mammalian hosts and evade destruction by the the hosts' immune response by random expression of a single member of a large repertoire of antigenically distinct surface glycoproteins (variable surface glycoproteins or VSGs).
Most Investigations of the molecular phenomenon responsible for the "switch" from the expression of one VSG to another have emphasized the genomic DNA rearrangements associated with the switch (for reviews, see 1-4).
Previous work from several laboratories has demonstrated that the VSGs consist of single polypeptide chains of about 500 amino acids, which can be classified into one of two groups based on extensive amino acid homologies within the C-terminal 120 amino acids (5) . There are a minimum of 100 different VSG genes in the trypanosome genome (6) and may be an order of magnitude more. Southern hybridization analyses have shown that at least some of these genes are closely related (7, 8, 9) and that many genes have similar, but not Identical, 3 1 -terminal sequences which is consistent with the observed amino acid homologies at the C-tenninus. Two different genomic DNA recombination events have been observed with different VSG genes. Some genes are expressed via gene duplication and translocation, i.e. an "expression-linked extra copy" (ELC) mechanism (8) . The extra gene copy appears to be the one that is transcribed (10) , and in one case it is not a faithful copy of the original basic copy gene (11) . Other VSG genes are not expressed via the appearance of an ELC. In these cases, DNA rearrangements occur distal to the 3'-terminus of the genes (7, 10, 13) . These 3'-distal rearrangements do not necessarily correlate with the expression of the genes. In many instances they occur regardless of whether or not the gene is being expressed (13) . The relationship of the two recombination mechanisms, if any, remains to be elucidated, as does the precise relationship of these rearrangements to the expression of particular VSG genes.
In this communication we report the characterizion of the structure of Populations of individual trypanosome clones were grown in lethally irradiated (900 rads) rats or mice and shown by immunofluorescence to be at least 99% homogeneous for expression of a single VSG (15) .
DNA Techniques. Nuclear DNA from trypanosomes was isolated, and kinetoplast DNA subsequently removed from the preparation as described (16) . Plasmid DNA and bacteriophage DNA were isolated as described (17, 18) . Restriction enzyme digestions were performed as suggested by the commercial suppliers (New England BioLabs and Bethesda Research Labs).
Individual fragments of recombinant phage or plasmid DNAs were isolated after separation by agarose or acrylamide gel electrophoresis, as described by Maxam and Gilbert (19) . Plasmids and DNA fragments were labeled with 32 ft P by nick translation (20) to specific activities of 1-2 x 10° cpm/ug DNA.
Southern filter hybridization of genomic restriction fragments (21).
Nuclear DNA (1.5 ug) was digested with at least 20-fold excess of restriction enzyme and DNA fragments were separated by electrophoresis in 0.6 or 0.8% agarose gels in 40 mM Tris-acetate, 2 m EDTA, pH 8. Hybridization was carried out using 10% dextran sulphate, as described by Wahl et al. (22) . After hybridization the filters were washed twice in 0.1 x SSC, 0.1% SDS for an hour at 65°C, dried and exposed to Kodak AR-5 film at -80°C with intensifying screens.
Construction and screening of genomic DNA libraries. Libraries of trypanosome DNA fragments were made from partial EcoRI-digests inserted into bacteriophage Charon 4A, and from partial Sau 3A digests inserted into Charon 28, using methods essentially as described (23, 24 (26) . Protruding 3'-termini generated by the restriction enzyme Kpn I were labeled with [a. P] dideoxy ATP (3000 Ci/mmol) and terminal deoxynucleotidyl transferase (P-L Biochemicals) as described (27) . Fragments labeled at one terminus were subjected to the modification and cleavage reactions of Maxam and Gilbert (19) and electrophoresed through the thin sequencing gels (80 cm length) of Sanger and Coulson (28) .
RESULTS
Southern filter hybridization analysis. We have previously reported the construction, identification and isolation of plasmid pcB Dl which contained a partial cDNA for the VSG D expressed in trypanosome clone Dl has not yet been determined.
Mixtures of the two plasmids were nick-translated (20) with P and used as probes in a series of Southern filter hybridizations. In addition, the two plasmids were digested individually with Bgl II which cuts once within the cDNA (and does not cut in pBR322) and a restriction enzyme which cuts once in only pBR322 so that a 5'-coding sequence probe could be isolated from pcB D2 and a 3'-coding sequence probe could be isolated from The two genomic regions were also analyzed by DNA:DNA heteroduplex formation of recombinant DNAs containing each of the two regions. Figure 4 shows one such example. The heteroduplex is between the DNAs of 170 and 183 (see Figure 3 ) and shows one homologous region which on the basis of measurements of ten such heteroduplex molecules is 1.0 kb. The location of this homologous region corresponds to the position at which the cDNA hybridizes to each of the two phage DNAs. A major flaw in the analysis of these genomlc clones is that no clone was obtained which contains the third genomic region to which the cDNA hybridizes, i.e., genomic region III shown in Figure 3 . This is clearly because the 35 kb Eco RI fragment containing region III is too large to be cloned in Charon 4A which accepts a maximum insert size of about 22 kb and 219. There is no apparent pattern to these differences although region I is clearly more similar to the cDNA (and presumably region III) than is region II. In genomic region I, the codon for one of these invariant cysteines is replaced by a serine codon. This may suggest, but does not prove, that the coding sequence in genomic region I is a VSG pseudogene as discussed below. The sequence of genomic region II was not determined in this area. If the cDNA can be taken as an index of region III, then a comparison of the sequences in Figure 5 reveals that region I is much more similar to the expressed region III than is region II (4% differences vs. 13% differences). Furthermore, the two sequences are even more similar within the area that codes for the C-terminal 120 araino acid homology region. Only An argument against the model, based on the sequence comparison in Fig.   5 , is that one of the 4 changes In the last 390 nucleotides of the region I and cDNA comparison affects a cysteine residue which appears to be Invariant in VSGs of that homology subgroup (see bottom arrow in Figure 6 ). This may suggest that the region I gene which codes for a serine in this position, is a pseudogene which cannot give rise to a functional VSG. Alternatively, this single nucleotide change could be a mutation in region I which occurred after region III was generated as an ELC of the region I basic copy. This possibility must, however, remain speculative.
DISCUSSION
Regions I and II differ from each other at 17% of the nucleotide positions, more than either differs from the cDNA. There is no apparent pattern to the differences with respect to either location of purines vs. 
